I SHOULD like to preface my remarks on the radiology of the gall-bladder with a word of warning. I should like to remind you that radiology never was, and never will be, intended to take the place of routine clinical methods. It is of use, and often of the greatest use, in confirming and amplifying the deductions of the clinician, and occasionally the diagnosis may be based to a large extent on the X-ray appearances, but radiology only serves its real purpose when it is recognized as a useful ancillary branch of the medical forces and not as the spearhead of diagnostic attack. I say this advisedly, because I see an increasing and dangerous inclination among the coming generation training at our hospitals to take short cuts to a diagnosis by referring cases to the X-ray department without first making a thorough attempt to progress along the difficult but definite path of clinical examination. I am in no way depreciating my own subject by saying that where this path fades out is the point at which to bring in radiology, but not before.
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After these preliminary remarks, I will try to demonstrate how far it is possible for the radiologist to assist in the diagnosis of gall-bladder pathology.
The radiology of the gall-bladder is divided into two distinct phases, the first extending from 1899 to 1924. In the former year the first X-ray plates demonstrating gall-stones were taken by Carl Beck in New York, Thurstan Holland being the first radiologist to take them in this country. During this period powerful X-ray transformers superseded the old-fashioned coil, and intensifying screens, double-coated films, and the Potter-Bucky diaphragm were introduced, all helping greatly towards a vast improvement in radiographic technique. But, in spite of more rapid exposures and more detail and cont,rast in the radiograms, the limiting factor in the utility of X-ray examinations for gall-stones was the calcium content of the stones, for unless this calcium content is sufficiently large gall-stones are not opaque to X-rays. Since only from 10 to 15% of gall-stones contain this sufficiency of calcium, the direct method, as it is called, is only of use as positive evidence, and of little value when no gall-stones are seen. Also, of course, it gives no guidance as to biliary function.
The most common type of stone visible by direct radiography has an opaque periphery and a trans-radiant centre, due to deposition of calcium on a non-opaque cholesterol calculus. They are much more commonly multiple than single and are frequently faceted. When they are incompletely covered by calcium, the calcified portion appears as a sickle-shaped shadow or segment of a circle. These shadows are sometimes confused with calcification in the lower rib cartilages. Radiograms taken at full expiration will usually clear up any doubt on this point, as the calcified portion of the rib cartilage will, of course, maintain its position relative to the rib, whereas the partially calcified gall-stone will not. A further distinguishing point is that calcification in a rib cartilage is never concave downward, whereas partial calcification in a gall-stone may be.
A less common type of stone is that with a bilirubin calcium nucleus and a cholesterol periphery.
A point that should be borne in mind is that radiography is based on relative, and not on absolute, opacity and that, therefore, a gall-stone examined by X-rays after removal may cast a shadow, but in the body its lime content may be too small to make it more dense than the surrounding tissues.
Apart from visualization of opaque gall-stones, the direct method only in rare instances gives any information as to the condition of the gall-bladder.
The gall-bladder is, of course, normally invisible by X-rays, but occasionally, when the walls are very greatly thickened by disease, its shadow can be seen.
Again, a barium meal examination sometimes shows sharp angulation of the second part of the duodenum toward the right, suggesting a pericholecystitis and adhesions.
Flattening of the duodenal cap may suggest adhesions to, or pressure by, a distended gall-bladder ( fig. 1 , Plate I). I have also seen two cases in which a barium meal examination revealed a fistula between the duodenum and the biliary tract ( fig. 2 ).
Apart from such rare instances, however, and the visualization of a small percentage of gall-stones, the radiology of the gall-bladder up to 1924 was only of value in a small number of cases.
In 1923 Graham and Cole conceived the idea that, if the gall-bladder could be rendered visible by the roentgen ray, after being filled with a contrasting substance, not only might earlier and more certain signs of a pathological condition in that organ be made recognizable, but such a procedure might also be an accurate index of function. In 1909 Abel and Rowntree showed that the halogen derivatives of phenolphthalein compounds were largely excreted in the bile, and thirteen of these compounds have been shown to be of sufficient atomic weight to render the bile opaque to X-rays. Most of them had disadvantages, consisting of either too great toxicity or of general staining of the body tissues. Two of them, phenoltetraiodophenolphthalein and tetraiodophenolphthalein, were found to be much superior to the others as contrast media in cholecystography. Sodium tetraiodophenolphthalein is the one most commonly used to-day.
With regard to toxicity, the lethal dose given intravenously is 2@7 grm. per kilogram of body weight, which is from five to seven times the dose used in cholecystography.
In the early days of cholecystography the majority of the examinations were carried out by the intravenous method, but this had the disadvantage of involving a minor operation, and if, owing to poor veins or unskilful injection, any of the solution got into the surrounding tissues, a possibly severe reaction might occur.
Owing to improvements in the preparation of the dye, the intravenous method has given place almost universally to the oral method, the former bein reserved for those cases in which the stomach is peculiarly irritable and the pitient cannot retain the dye. Kirklin tested the reliability of the oral method in 250 patients in whom it had failed to give a shadow. When the dye was later given intravenously to these patients, only 1% showed normal gall-bladder filling.
The essential point of oral cholecystography is that a sufficient quantity of the salt should be absorbed from the intestine. This may be prevented by vomiting or diarrhoea, and the dye should therefore be administered in such a manner as to avoid these difficulties.
Although in cholecystography substances opaque to X-rays are used, the underlying principle is entirely different from that of outlining a hollow viscus, such as the stomach or a bronchus. In cholecystography, and also in intravenous pyelography, one makes use of the specific function of a system and its selective action on a particular substance to engender a difference in density. Cholecystography, therefore, as Graham points out, is largely a test of physiological capacity, in contradistinction to the almost wholly mechanistic nature of the opaque meal examination.
For this reason it is essential for the radiologist to have a thorough understanding of the physiology as well as the anatomy and pathology of the biliary system.
Technique.-In cholecystography a careful and thorough technique is essential, not only in the radiography but also in the preparation of the patient and general conduct of the examination. Slight variations in technique to suit individual preferences may be made, but the main physiological factors governing the examination must be strictly adhered to. For instance, should the patient, unknown to the PLATE I. __j radiologist, have a meal between taking the dye and the taking of the first radiogram on the following day, probably no dye would be found in the gall-bladder, and an erroneous conclusion of the pathology would be arrived at. Forty-eight hours previous to the examination, the patient should take a purgative. On the following day a control radiogram should be taken. A large film, 15 in. by 12 in., should be used, so as to include the whole area from the right diaphragm to the right iliac fossa. It should also include the lumbar and lower dorsal spine. At least two radiograms should be taken, with varying penetration, so as to obtain the optimum result according to the radiographic density of the patient. The patient should be carefully instructed to hold his breath at full expiration, and the exposure should be as short as possible-not more than a second. The slightest movement due to respiration or to peristaltic action in the adjacent bowel will blur the faint outline of a calculus so as to render it invisible. In order to avoid distortion of the gall-bladder outline, the tube should be as far away from the film as is consistent with a rapid exposure. I usually employ a four-foot distance. This radiogram should be carefully examined, not only for shadows of opaque biliary calculi, but also for renal calculi or any pathological condition of the spine which might give rise to symptoms in the right upper quadrant. In the evening the patient takes a meal, and it is important that this meal should be prescribed, as it must be free from fat. If fatty foods are allowed at this meal, a large number of normal gallbladders will fail to fill, or show poor filling. Half an hour after the meal the dye is taken. From 3-5 grm. to 6 grm. of sodium tetraiodophenolphthalein may be given, according to the patient's weight. The dye used to be taken in gelatin or keratin capsules, but these frequently failed to dissolve, and most workers now give it mixed with grape or orange juice. Rowden gives one-sixth of a grain of morphia in a tablet placed under the tongue. This very largely prevents vomiting and retards the action of the bowels, thereby helping absorption. After taking the dye the patient must take nothing to eat or drink until told to do so. The first radiogram should be taken on the following day on a fasting stomach, fourteen hours after the ingestion of the dye. The radiographic technique required is of the highest order. A Potter-Bucky diaphragm is generally used in order to give greater contrast, and, since the gall-bladder may be situated anywhere between the tenth rib and the iliac crest, the first film should be a large one. The patient should wait until the film is developed and, unless it shows the utmost possible detail, it should be repeated until the best radiographic factors of current and penetration, according to the thickness of the body, are arrived at. At fourteen hours, in a normal case, a distinct and definite gall-bladder shadow should be visible, owing to commencing secretion and concentration of the dye. I take further radiograms at sixteen, eighteen, and sometimes twenty, hours. During this time the patient is fasting, the sphincter of Oddi is closed, and the dye consequently passes into the gall-bladder and is there concentrated and becomes opaque to X-rays. The maximum degree of concentration is usually reached at from eighteen to twenty hours. At one of these times radiograms are taken at full inspiration and full expiration, to see whether the gall-bladder moves normally with respiration. A meal containing a high proportion of fat is then given, the best medium for this purpose being an egg beaten up in milk. Up to this time the stomach has been empty, no contractions have been taking place in the duodenum to aid the flow of bile, the sphincter of Oddi has been closed, and the gall-bladder has consequently becomne distended with concentrated dye and bile. Very shortly after the ingestion of this meal, the biliary neuro-muscular mechanism responds to the stimulus. A radiogram taken an hour subsequent to this meal shows a dense, but smaller shadow. Whether this diminution in size is the result of decreased common-duct pressure and relaxation of the cystic elastic fibres, or whether it is due to contraction of the muscularis of the gall-bladder, is still probably debatable, from the purely physiological point of view, but all that matters from the radiological standpoint is that the gall-bladder shadow contracts and becomes denser. Contractions are now taking place in the duodenum, the valve of Oddi is patent, and a free flow of bile is taking place into the duodenum; first of all the non-opaque common duct bile, then the dye-stained concentrated cystic bile, and finally the thin hepatic bile. At this stage, between two and four hours after the ingestion of the fatty meal, the gall-bladder shadow is again invisible.
From this short description it will be seen that cholecystography is essentially a test of function.
The gall-bladder may have been diseased in the past and have recovered. It may even contain gall-stones ( fig. 3 ), which may result either from past infection or stasis. and still function in the normal manner which I have described. On many occasions, when examining a patient for a lesion of the gastro-intestinal tract, urinary tract or spine, I have discovered gall. stones by accident where there were no symptoms suggestive of gall-bladder pathology. On several of these occasions I have carried out a cholecystographic examination and found the gall-bladder secretion concentrate the dye normally. Normal functioning, as shown by cholecystography, indicates that a sufficient quantity of the dye has been absorbed into the blood-stream from the intestine, that the liver is excreting the dye normally, and that the mucous membrane of the gall-bladder'and its vascular and lymphatic systems are functioning normally. It also indicates that the walls of the gall-bladder are capable of contracting normally on the stimulus of a fat-containing meal and expelling its contents. Such is the behaviour of a normal cholecystogram. But, apart from the demonstration of a normally functioning gall-bladder, the outlining of the gall-bladder by the dye is not infrequently of use in identifying shadows which might otherwise be thought to be in the gall-bladder. Here are two calculi which, from their laminated and faceted appearance were at first thought to be in the gall-bladder, but a cholecystogram showed them to be renal calculi. Again in this case, the visualization of a normally filling bladder was of great use (fig. 4 ). The patient had had a sudden and severe attack of what was thought to be biliary colic. He lived in a somewhat inaccessible part of the Midlands, and his doctor asked me to send down the dye and come and make a cholecystographic examination on the following day with a portable X-ray apparatus. The fourteen-hour radiogram shows a normally filling gall-bladder, but there is this shadow here. It is solitary and its transverse position suggested to me the possibility of its being in the duct of Wirsung. On examination the urine showed some sugar, and there was some undigested fat in the stools, so I then gave the patient a barium meal and took a radiogram in the lateral position, thus outlining the duodenum, and showing this pancreatic calculus to be apparently about half an inch from the ampulla of Vater ( fig. 5 ).
Turning next to the pathological gall-bladder and its cholecystographic appearances: In the first plece, if there is no visible gall-bladder shadow throughout the examination, if the films are technically perfect, if the patient has not vomited the dye or had severe diarrhoea, then this non-visibility is indicative of a pathological condition. I am taking it for granted that the whole area from the tenth rib to the ilium has been covered, as the gall-bladder shows as wide a latitude in position as the stomach, and may even be situated to the left of the lumbar spine as in cases of situs transversus. Its shadow may also be superimposed on that of the lumbar spine and thereby hidden,unless lateral views are taken ( fig. 6 , Plate II). Unless one examines this film very closely, one might be inclined to say that no shadow was present, but the border of an abnormal shadow is seen here and, on turning the patient into the lateral plane ( fig. 7) , a normally filled gall-bladder is seen, situated abnormally in front of the lumbar spine.
When, however, after these precautions no gall-bladder shadow is found, its absence indicates either: (1) that the liver is not excreting the dye, (2) that the cystic duct is blocked, or (8) that there is a breakdown through disease of one or more of the links in the concentrating chain of the gall-bladder, that is, either of the mucous membrane or of the vascular or lymphatic drainage.
Chronic cholecystitis is by far the most common cause of non-visualization of the gall-bladder. This non-visualization is due not to failure of the dye to enter the gall-bladder, but to failure of the gall-bladder to concentrate the dye and so make it *opaque to X-rays.
There are also causes extrinsic to the gall-bladder. As Brailsford has pointed out, in cases of active gastric or duodenal ulceration there may be non-visualization of the gall-bladder. Whether this is due to reflex spasm of the gall-bladder, to dysfunction of the sphincter of Oddi, preventing filling, or due to interference with concentration as a result of hyperaemia, I do not know, but it is a factor to be taken into account, and suggests the advisability of a barium meal examination of the stomach and duodenum, before concluding that non-visualization of the gall-bladder is due to intrinsic disease of the biliary tract.
Faint visualization.-In this connection, great caution has to be exercised and many factors taken into account.
In the first place, " radiology is a study of contrasts in density," and density of -the gall-bladder shadow is relative to the density of the surrounding parts. In a thin byposthenic patient, a normally concentrating gall-bladder casts a fairly dense shadow, whereas, in a heavily built, hypersthenic patient, an equally normal gall-bladder, situated high in the right upper quadrant and partly covered by the lower margin of the liver, casts a shadow much less dense. Again, there is a fairly wide variation within normal limits of the concentration and consequent density of the dye in patients of similar body weight and habitus. Therefore all these factors have to be very carefully weighed before we come to the conclusion that there is inadequate concentration of the dye and consequent disease of the gall-bladder, resulting in faint visualization.
Gall-stones.-Radio-opaque gall-stones, as I have mentioned before, should be visualized in the control radiograms, taken before the administration of the dye on the day previous to the examination. When, however, the patient has been unable to attend on the previous day, one should beware of confusing shadows such as this ( fig. 8 ). This is not an opaque gall-stone, but the shadow of the dye in a redundant neck, superimposed on the shadow of the upper part of the gall-bladder, as is shown by this radiogram (fig. 9 ) taken a few minutes later, at full inspiration instead of full expiration.
Non-opaque, pure cholesterol stones are shown as negative shadows due to the filling defect they cause in the dye shadow.
Gas-shadows in the small gut, when superimposed on the gall-bladder shadow, sometimes cause difficulty by simulating gall-stones, but radiograms taken at full inspiration and full expiration show these gas-shadows and the gall-bladder shadow to move unequally.
With a faint gall-bladder shadow, gall-stones may show only very faintly, or not at all, in the prone position. Some slides which Dr. Bush has kindly lent me show beautifully how this difficulty can be overcome by examining such cases in the erect posture. By placing the patient in the erect position a much denser shadow is obtained, the gall-stones having gravitated to the lower pole.
*The same method can be applied to cholecystography. A poorly filling gallbladder may show no calculi in the prone position, not because they are not present, but because the inadequately concentrated dye and the gall-stones are spread throughout the viscus, while the patient is lying down, and they do not present a sufficient contrast in density to throw the gall-stones into relief. But when the same patient is placed in the erect posture, both the dye and the gall-stones are collected in the lower pole, and the stones become immediately visible.
Occasionally one sees cases in which the gall-bladder secretes and concentrates the dye but is abnormally slow in evacuating its contents. If this delayed evacuation has been preceded by a normally concentrated shadow at fourteen hours, one has to consider the implications very carefully before coming to the conclusion that the delayed emptying is caused by disease and thickening of the gall-bladder walls, interfering with normal contraction. For it must be remembered that, in order to visualize the gall-bladder at all, the dye has to be not only secreted, but concentrated, and it would be the least probable solution that a gall-bladder should have walls capable of concentrating the secreted dye in a normal manner, but. incapable, through disease, of contracting and expelling its contents. Therefore in such cases one should first search for a more simple solution. If control radiograms have not been taken previous to the administration of the dye, such a shadow may be due to a gall-bladder with walls so thickened as to themselves cast a shadow, or bile sand may cast a shadow indistinguishable from a dye shadow. If, however, such possibilities have been excluded by control radiograms in such cases, the probable explanation of the persistent shadow is re-absorption of the dye from the colon. After these primary considerations of the stiology of slow emptying, one takes into account the possibility of a gall-bladder which has been over-distended by stasis, as in multipara, and is consequently sluggish in contraction, but not. necessarily infected. Also, in some instances, adhesions about the neck of the gallbladder may admit the thin hepatic bile and unconcentrated dye, but retard the evacuation of the viscid and concentrated product.
Finally, cholecystography is a comparatively young subject, and there is still a great deal to be learnt, but as Graham points out in assessing its value, symptoms. from an organ are always due to functional disturbances, although usually traceable to a pathological lesion.
Therefore, the method should not be condemned if, on the one hand, a gallbladder shown by it to have normal functions, exhibits, at operation, a few old adhesions, representing some healed process, or on the other hand, a gall-bladder may appear macroscopically normal at operation in spite of a complete failure of concentrating function.
Affections of the Gall-bladder. By A. JAMES WALTON, M.S., F.R.C.S. AFFECTIONS of the gall-bladder necessitating surgical treatment may arise from changes in the gall-bladder itself or be due to a primary lesion in the ducts below. They may be considered under the following headings.
Cholecystitis without stones.-Although inflammation of the gall-bladder is the common precursor of gall-stones, patients do not, as a rule, seek surgical advice until the stones are formed. In the past, when typhoid fever was a relatively common disease, an acute suppurative cholecystitis was not infrequently found during the course of the fever. It had existed for so short a time that stones had not yet had time to form and yet the acute inflammation demanded surgical interference. To-day such cases are rare and should only be diagnosed with a short. history of acute inflammation in the gall-bladder area which has occurred in the course of an acute infection elsewhere.
The necessity for operation in such cases will depend upon the urgency of the symptoms. If the condition is mild and can be regarded only as an acute catarrhal inflammation, the patient may be watched, in the hope that the acute symptoms
